Tissue culture cells of Streptanthus tortuosus (Kell.) var. orbiculatus (Greene) Hall (Cruciferae), having a viruslike particle in their nucleoli, the STV cell line, contain "supergranal" chloroplasts. Freeze-fracture studies of chloroplasts of a control cell line, which lacks the viruslike particles, reveal two complementary faces similar to (11) have shown that the large B face particles occur only in partition regions of grana. The partition regions contain both size class particles while the stroma lamellae contain only the small, C face particles. In addition, they showed a functional difference between the two regions of the internal membrane structure. The partition regions of grana contain both PS I and II activities while the stroma lamellae contain only PS I activity.
Tissue culture cells of Streptanthus tortuosuis (Kell.) var. orbiculatus (Greene) Hall (Cruciferae) which were shown by Sjolund and Shih (25) to have a viruslike particle located in their nucleoli, designated cell line STV, have been demonstrated by Sjolund and Smith (26) to contain supergranal chloroplasts. Previously reported freeze-fracture investigations have shown these supergranal chloroplasts of the STV cell line to have a unique internal membrane substructure (26) . Preliminary investigations of the photosynthetic activity of the STV supergranal chloroplasts indicated that they exhibited no light-dependent O, evolution or "4CO2 fixation (26) . In the This work was supported in part by National Science Foundation Grant GU2591.
2 Present address: Department of Biological Sciences, Purdue University, West Lafayette, Ind. 47907 . present report we discuss the PS I3 and PS II activities of isolated STV supergranal chloroplasts and the polypeptide composition of their thylakoid membranes.
The work of Arntzen et al. (6) on digitonin-fractionated spinach chloroplast membranes implicated the small C face particles and the large B face particles of freeze-fractured membranes as "markers" of PS I and PS II activities, respectively. Further studies by Sane et al. (24) and Goodchild and Park (11) have shown that the large B face particles occur only in partition regions of grana. The partition regions contain both size class particles while the stroma lamellae contain only the small, C face particles. In addition, they showed a functional difference between the two regions of the internal membrane structure. The partition regions of grana contain both PS I and II activities while the stroma lamellae contain only PS I activity.
Goodenough and Staehlin (13) , however, have done freezefracture studies of chloroplasts from mutant and wild type strains of the green alga Chlamydomonas reinhardtii, and they concluded that a correlation exists between a greater density of B-face particles and regions of membrane stacking, rather than a correlation between the particles and photosynthetic activity.
The supergranal chloroplasts of the STV cell line which contain only stacked chloroplast lamellae provide an opportunity to investigate the relationship of the membrane substructure revealed with freeze-fracture to grana stacking and photosynthetic function.
Recent studies of the polypeptide composition of the chloroplast membranes of Chlamydomonas (18, 19) and higher plants (3, 19) have shown that membrane fractions enriched in PS I and II activities have different characteristic polypeptide compositions and that agranal chloroplasts lack some of the polypeptides associated with the fraction enriched in PS II activity. The STV cell line, which can survive by heterotrophic growth in tissue culture, represents in higher plants a unique opportunity to correlate internal membrane substructure as revealed by freeze-fracturing, photosynthetic function, and membrane polypeptide composition.
We have found that the STV supergranal chloroplast lacks PS II activity and is unable to reduce NADP. However, partial PS I activity is indicated by the reduction of methyl viologen with electrons from DPIP-ascorbate. The polypeptide composition of the STV supergranal chloroplasts is essentially the same as control chloroplasts with the exception of an increased amount of a polypeptide of mol wt 33,000.
MATERIALS AND METHODS
The callus tissues used in this investigation were grown on a liquid culture medium (21) . The origin of the STV cell line and the control cell line, 6045, has been previously reported (25, 26) .
Tissue was prepared for electron microscopy by fixation in Karnovsky's fixative (16) . embedded in Spurr's plastic (28) , thin sectioned with a diamond knife, and examined with either a Zeiss EM-9A or Hitachi HU-12 electron microscope.
Material for freeze-tracturing was fixed in 0.2% glutaraldehyde and infiltrated in 25% glycerol for 12 hr. Freeze-fracturing, etching, and replication were performed using a Balzers freeze-etch device (20) .
Chloroplasts were isolated for use in photoreactions by the procedure of Sane et al. (24) . The Chloroplasts for determination of the polypeptide composition of chloroplast membranes were isolated in the same manner as those used in assays of light reaction activities except for the addition of 1 mM phenylmethylsulfonyl fluoride to the grinding buffer. The isolated chloroplasts were purified according to the procedure of Hoober (15) . The membranes were extracted with either 90% acetone or 95% ethanol and ether. The membranes were then dissolved in the following buffer: 0.063 M tris-HCI (pH 6.8), 2% SDS, 10% glycerol, 5% mercaptoethanol, and 0.5 M urea. The solubilized membranes were boiled for 4 min, and the samples were run on 15-cm sodium dodecyl sulfate acrylamide gels according to the electrophoresis system of Laemmli (17) with the following modifications: the running gels were of 12% acrylamide; the final concentration of tris-HCl, (pH 8.8) was 0.19 M, a final concentration of 0.03% N, N, N', N'-tetramethylethelenediamine and 0.05% ammonium persulfate were used for polymerization; plastic tubes were used instead of glass tubes; the electrode buffer contained 0.05 M tris, 0.38 M glycine, and 0.1% sodium dodecyl sulfate at pH 8.3. The gels were run with a constant voltage power supply at 50 v, 10 m amp, 120 pulses/ sec, and 1 /if discharge for 3 hr or until the marker dye (bromophenol blue) had entered the running gel. The power was then increased to 100 v, 18 m amp for 5 to 7 hr or until the dye had reached the bottom of the gel. The gels were fixed in 12.5% trichloroacetic acid at 65 C for at least 3 hr, then stained in a mixture of aqueous 0.4% Coomassie brilliant blue R-250-ethanol-glacial acetic acid (45:45:10) at 65 C for at least 3 hr. Destaining was accomplished by several changes of a destaining solution containing ethanol-glacial acetic acid-H20 (25:10:65 ) at 65 C for at least 3 hr. The gels were then scanned at 570 nm using a gel scanner attachment for a Beckman Acta III spectrophotometer.
RESULTS
Chloroplast Structure in the STV and Control Cell Lines.
Chloroplasts of the control cell line which lacks the viruslike particle are similar to those of most higher plants and contain several small (average 0.5 jim) grana interconnected by stroma lamellae (Fig. 1) . Chloroplasts in the control tissue culture cells do contain starch deposits (26) . In contrast, chloroplasts in the STV cell line contain "supergrana" which frequently contain 30 or more thylakoids. These supergrana are not interrupted by interconnecting stroma lamellae and are usually as long (average 4 ptm) as the entire chloroplast itself (Fig. 2) . The STV supergranal chloroplasts never contain starch deposits.
Freeze-fracturing of cells of the control cell line reveals the internal substructure of the chloroplast membranes to be essentially identical to that of spinach or other higher plants ( Figure 6A . Chloroplasts from the control cell line reduce NADP at a rate of 50 ,umole/hr mg Chl, whereas chloroplasts from the STV cell line are totally unable to reduce NADP. Since NADP is the terminal electron acceptor in the light reaction, a lesion anywhere between H20 and NADP could cause the STV supergranal thylakoids to be unable to reduce NADP. The rates of the assays for light reaction activity in the control chloroplasts are low when compared to spinach chloroplasts under identical conditions. This paper is the first report of activity in chloroplasts isolated from plant tissue cultures, thus rates for comparison are not available. The rate of "4CO2 fixation by these tissue cultures as previously reported (26) is also low when compared to spinach or Chlamydomonas. Plant tissue cultures are grown heterotrophically and have low Chl content. Nevertheless, the rates reported here are consistent, and are significantly different from the STV chloroplasts. The STV cell line has as much or greater Chl/g fresh weight as the control cell line.
One reason that the STV chloroplasts are unable to reduce NADP from water could be that it has a normally functioning PS I, but PS II is aberrant and unable to provide electrons to the reaction centers of PS I. To test this possibility, electrons were supplied from an artificial electron donor, ascorbatereduced DPIP in the presence of DCMU. Figure 6B To examine the possibility that electron flow through the reaction center of PS I is normal, but that a photosynthetic lesion exists between the reaction center of PS I and NADP, the ability of isolated chloroplasts from the STV cell line to reduce methyl viologen was determined. Figure 7 shows that STV supergranal chloroplasts are unable to reduce methyl viologen with electrons supplied from water, which is consistent with the conclusion, based upon their inability to front is present at the bottom of the gels. It is apparent that there is a close correspondence between the bands present in the membranes of the STV supergrana and those in control chloroplasts and that all of the bands present in the control gels are present in the STV gels. The only difference that is evident is the much greater amount of band number 5-mol wt 33,000 daltons-in the STV membranes than in the control membranes. The prominence of this band is a consistent and distinguishing feature of the STV gels. In addition, when compared to the control gels, the STV gels have a slightly increased amount in the region of bands 8 through 11.
DISCUSSION
The bulk of the experimental evidence has indicated that regions of appressed chloroplast lamellae, grana stacks, are not necessary for PS II activity. Studies of greening chloroplasts (2, 7, 8, 10) have shown that a correlation exists between the time of the initiation of PS II activity and stacked thylakoids. However, when etiolated bean plants are exposed to far red light the greening membranes accumulate primarily Chl a and little grana stacking takes place. Nevertheless, these unstacked lamellae have PS II activity (22) . The agranal bundle sheath cell chloroplasts of sorghum (27) and maize (1, 4) have PS II activity. Similarly, studies with Chlamydomonas (12, 13, 23) have shown the presence of PS II in unstacked chloroplast lamellae.
The data reported in this work with the supergranal chloroplast of the STV cell line, which has extensive regions of appressed chloroplast membranes, support the correspondence between PS II activity and the polypeptides associated with membrane fragments enriched in PS II activity, suggests that the properties of a chloroplast membrane which make it photosynthetically competent are more complex than the simple presence of one or several of its constituent polypeptides. The polypeptide of mol wt 33,000 present in the STV supergranal chloroplast membranes in an increased amount, could correspond to a polypeptide associated with membrane stacking. Levine and Duram (18) and Anderson and Levine (3) have shown that two proteins are reduced in content in agranal bundle sheath chloroplasts of C4 plants and also in algal and higher plant mutants which have limited grana stacking. They suggest that these may be required to obtain stacked lamellae. The increased amount of the 33,000 mol wt protein in the STV chloroplast membranes, which have greatly increased regions of stacking compared to the control thylakoid membranes, may be an indication that it represents this type of polypeptide. The polypeptides found by Levine and Duram (18) and Anderson and Levine (3) to be deficient in chloroplasts that lack grana stacks correspond to those of chloroplast membrane fractions enriched in PS II activity. The molecular weight of band 5 (33,000 daltons in STV) and the molecular weights in the region of bands 8 to 11 which are present in a slightly higher concentration in STV are within the range of molecular weights of the polypeptides of PS II-enriched spinach and Chlamydomonas fractions. This observation suggests that the differences in polypeptide concentrations between the STV and control chloroplast membranes might be correlated with the extensive stacking of the STV supergranal chloroplast.
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